I n d i r e c t coupling of nuclear s p i n s i n magnetic m a t e r i a l s has been reported u n t i l now only as an important contribution t o the NMR l i n e width.
Suhl 121 and Nakamura / 3 / have shown t h a t t h e magnitude of t h i s i n t e r a c t i o n , which occurs v i a the hyperfine coupling, i s of the c o r r e c t order t o explain t h e observed l i n e width.
The here presented experiments,however, a r e c a r r i e d out i n such a s i t u a t i o n , t h a t t h e ind i r e c t coupling involves only two n u c l e i . This coupling gives r i s e to a well resolved f i n e struct u r e of the resonance l i n e s , only when t h e two nuclei a r e i d e n t i c a l . The nuclear s p i n hamiltonian i s u s u a l l y given by When t h e magnetization i s nearly s a t u r a t e d , the e l e c t r o n s p i n system i s described by s p i n waves.
Then, t h e coupling between the nuclear s p i n and the e l e c t r o n spin, which containes besides hyperf i n e a l s o d i p o l a r i n t e r a c t i o n , gives a c o r r e c t i o n to* which can be represented by an e f f e c t i v e hamiltonian Here, z i s t h e d i r e c t i o n of t h e magnetization and
Huk i s the energy of a Spin wave with wave vector k.$$i i s only e f f e c t i v e when Ii and I . a r e i d e n t i -1 c a l spins, and l e a d s then to a f i n e s t r u c t u r e .
Thus, t h e l i n e shape of a p a r t i c u l a r isotope depends on t h e abundanceof i d e n t i c a l spins. The i n t e r a c t i o n between nuclear s p i n s i s appreciable Ih only within a radius b a(we/wo) .. Here, a i s t h e l a t t i c e constant and we and wo a r e t h e elect r o n angular frequencies r e l a t e d r e s p e c t i v e l y t o the exchange i n t e r a c t i o n and the applied f i e l d , including demagnetizing and anosotropy f i e l d s / 3 , 4 / I n most well studied magnetic m a t e r i a l s i s b >> a and hence a l a r g e number of n u c l e i 'interact. This l e a d s t o such a complicated f i n e s t r u c t u r e t h a t only a broadening of t h e nuclear resonance l i n e i s observed. I n Rb2CuC14.2H20 and isomorphous compounds however, t h e exchange i n t e r a c t i o n i s r a t h e r small / l / . Now t h e r a d i u s bo can be made smaller than a a t moderately s t r o n g e x t e r n a l f i e l d s . I n such a s i t u a t i o n t h e i n t e r a c t i o n i s r e s t r i c t e d to t h e n u c l e i belonging to one copper octahedron. The octahedral surrounding of the copper i o n containes two equivalent strongly bonded C 1 ions denoted C 1 ( I I ) , two weakly bonded C 1 ( I ) ions and two H20 molecules, a l s o strongly bonded. The l o c a l symet r y ismnmp.As only t h e i n t e r a c t i o n between i d e n t ic a l spins gives r i s e t o a f i n e s t r u c t u r e , only t h e i n t e r a c t i o n between i d e n t i c a l s p i n s gives r i s e t o a f i n e s t r u c t u r e , only t h e i n t e r a c t i o n between two C 1 (11) nuclei can give an appreciable f i n e struct u r e (The 170 n a t u r a l abundance i s very small).
I n f i g u r e I c t h e second d e r i v a t i v e i s shown of the c e n t r a l 3 5~1 NMR l i n e i n a 98 % enriched 3 5~1 Rb2CuC14.2H20 sample, a t T = 1.2 K and H . = 10 kOe applied along the c a x i s . Whereas t h i s l i n e shows c l e a r l y a fourfold s p l i t t i n g , t h e s a t e l i t e l i n e s ( a t 12.7 MHz and 2.5 MHz) e x h i b i t a t h r e e f o l d
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Since the quadrupolar interaction in comparable to the Zeeman interaction (v = 10.3 MHz and q = 0.16) the effect of %l on % : a n n o t be calculated analytically. In the high field approximation the observed resonance patterns can be explained. Also the magnitude of the splitting is found to be correct. The ratio of the splittings in the 3 5~1 (~~) and 3 7~1 (11) spectra is found to be (35~/37~)2, again in accordance with
The same structure has also been found in the compounds / l / , in which RbCl is replaced by KCI, NHsC1, CsCl or NHsBr, RbBr. As the abundance of 7 9~r and "Br is equal, the resonance lines of both isotopes are similar. Again, the ratio of the splittings is found to be (79~/81~)2. The temperature and field dependence of the fine structure has been studied extensively in Rb2CuC14 In addition to the fore mentioned indirect co~pling,~~contains also a t e n for i = j, which gives a correction, of the same magnitude as the fine structure, to the parallel hyperfine interaction and to the quadrupolar interaction / 3 , 4 / . Recently, we reported on the 170 hyperfine interaction in these compounds /S/. We observed that the angular dependence of the quadrupolar splittings could not be descr2bed on the basis of the usual hamiltoniana4 Preliminary calculations show thaf nn by incorporation of these self energy terms of -6, the experimental data can be understood.
In low fields at temperatures near T C' a different kind of nuclear spin-spin interaction is observed /1.5/. As now X// is large, the expectation value <S> will be influenced markedly by the Cu nuclear spin. This effect gives a correction to the larmorfrequency of the ligand nuclei, proportional to X ,/ A// (Cu)A// (Cl). A four fold equidistant pattern is observed in the spectra of 3 5~1 (11) , 3 7~1 (11) and l70 when a weak magnetic field is applied along the Cu-CI(1) direction, where A1 1 (Cu) is large /l /. This work is financ'ially supported by the Stichting voor Fundamenteel Onderzoek der Materie.
